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[FIG. 3]

Preparing apparatus for pre-lithiating negative 510
electrode and negative electrode

Inserting negative electrode into pre-lithiation reactor in 520
high-pressure chamber, and immersing the negative
electrode in pre-lithiation solution to be spaced apart from
lithium metal counter electrode

Sealing high-pressure chamber and injecting gas 530
into the chamber to allow internal pressure of the
chamber to exceed atmospheric pressure

S40

Pre-lithiating negative electrode by charging and
discharging the negative electrode
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APPARATUS FOR PRE-LITHIATION OF
NEGATIVE ELECTRODE AND METHOD
FOR PRE-LITHIATION OF NEGATIVE
ELECTRODE

TECHNICAL FIELD

This application claims the benefit of priority based on
Korean Patent Application No. 10-2020-0105343, filed on
Aug. 21, 2020, and the entire contents of the Korean patent
application are incorporated herein by reference.

The present invention relates to an apparatus and method
for pre-lithiating a negative electrode. More specifically, the
present invention relates to an apparatus for pre-lithiating a
negative electrode, including a high-pressure chamber, and
a method for pre-lithiating a negative electrode.

BACKGROUND ART

Recently, secondary batteries capable of charging and
discharging have been widely used as energy sources of
wireless mobile devices. In addition, the secondary battery
has attracted attention as an energy source of an electric
vehicle, a hybrid electric vehicle, etc., which are proposed as
a solution for air pollution of existing gasoline vehicles and
diesel vehicles using fossil fuel. Therefore, the types of
applications using the secondary battery are currently much
diversified due to the advantages of the secondary battery,
and it is expected that the secondary battery will be applied
to many fields and products in the future.

Such secondary batteries may be classified into lithium
ion batteries, lithium ion polymer batteries, lithium polymer
batteries, etc., depending on the composition of the electrode
and the electrolyte, and among them, the amount of use of
lithium-ion polymer batteries that are less likely to leak
electrolyte and are easy to manufacture is on the increase. In
general, secondary batteries are classified into cylindrical
batteries and prismatic batteries in which an electrode
assembly is embedded in a cylindrical or rectangular metal
can, depending on the shape of a battery case, and pouch-
type batteries in which the electrode assembly is embedded
in a pouch-type case of an aluminum laminate sheet. The
electrode assembly built into the battery case is composed of
a positive electrode, a negative electrode, and a separator
interposed between the positive electrode and the negative
electrode, and is a power generating element capable of
charging and discharging. The electrode assembly is classi-
fied into a jelly-roll type wound with a separator interposed
between the positive electrode and the negative electrode
which are long sheet-shaped and are coated with active
materials, and a stack type in which a plurality of positive
electrodes and negative electrodes of a predetermined size
are sequentially stacked while a separator is interposed
therebetween.

The positive electrode and the negative electrode are
formed by applying a positive electrode slurry containing a
positive electrode active material and a negative electrode
slurry containing a negative electrode active material to a
positive electrode current collector and a negative electrode
current collector, to thereby form a positive electrode active
material layer and a negative electrode active material layer,
respectively, followed by drying and rolling them.

In the case of such a negative electrode, a passive film
such as a solid electrolyte interface (SEI) layer is formed on
the surface of the negative electrode during the initial
charge. The passive film interrupts injection of the organic
solvent into the negative electrode and suppress decompo-
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sition reaction of the organic solvent, thereby stabilizing the
structure of the negative electrode, improving the revers-
ibility of the negative electrode, and allowing the negative
electrode to be usable. However, since the formation reac-
tion of the passive film is an irreversible reaction, the
consumption of the lithium ions is caused, thereby decreas-
ing the capacity of the battery, and as the battery cycle is
repeated, the lithium ions are consumed, thereby causing
capacity reduction and cycle lifespan reduction.

As such, a method for forming a passive film on the
surface of a negative electrode, preventing the capacity
reduction and improving cycle lifespan by pre-lithiating the
negative electrode through inserting lithium into the nega-
tive electrode is currently developed. Such a pre-lithiation
method includes a physical method of allowing lithium
metal to directly contact the surface of the negative elec-
trode, and a method of connecting lithium metal with the
negative electrode and electrochemically charging the nega-
tive electrode.

FIG. 1 is a schematic diagram showing a configuration of
a conventional pre-lithiating apparatus.

Referring to FIG. 1, in a conventional pre-lithiating
apparatus 1, a negative electrode 30 and a lithium metal
counter electrode 40 are disposed in a pre-lithiation reactor
10 where a pre-lithiation solution 20 is accommodated,
which are then electrically connected through a charge and
discharge unit 50, to thereby be charged. At this time, the
negative electrode may have a structure where a negative
electrode active material layer has been formed on two
surfaces of the current collector. In this case, in order to
pre-lithiate all of negative electrode active material layers of
the two surfaces, lithium metal may be disposed on two
surfaces of the negative electrode.

At this time, the pre-lithiation solution is obtained by
dissolving lithium salt in an organic solvent and allows
movement of ions between the negative electrode and the
lithium metal counter electrode. Further, the mixture of
various kinds may be used as the organic solvent. In this
case, as the elements having a high volatility in the organic
solvent are volatilized, the composition ratio of the pre-
lithiation solution is changed during the pre-lithiation pro-
cess. In this case, when the pre-lithiation process is per-
formed for a long time, an organic solvent having a high
volatility is more volatilized, thereby increasing the ratio of
an organic solvent having a low volatility in the electrolyte
solution.

Since electrochemical pre-lithiation is generally per-
formed in an open water tank using a pre-lithiation solution,
the pre-lithiation solution, which is exposed to the atmo-
sphere, is continually volatilized. The volatilization of a
solvent changes of the ratio of solvents of a pre-lithiation
solution, which accordingly lowers the degree of dissocia-
tion of lithium salt. The concentration of lithium salt in the
pre-lithiation solution increases due to an additionally
reduced solvent, and lithium salt may be partly precipitated
in the negative electrode by series of processes. This may
cause a local resistance increase in the electrode, thereby
causing non-uniform pre-lithiation of the electrode. Such
non-uniform pre-lithiation can reduce the initial efficiency
and cycle characteristics of the battery. Additionally, the
composition of the electrolyte solution, which has been
changed by the solvent which has been volatilized during the
continuous pre-lithiation, changes the shape and constituents
of the SEI film initially formed in the pre-lithiation, thereby
causing a deviation between pre-lithiated electrodes and
hindering mass production.
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Therefore, there is a need for a technology for maintaining
the composition of the pre-lithiation solution constant dur-
ing the pre-lithiation process.

DISCLOSURE
Technical Problem

The present invention is believed to solve at least some of
the above problems. For example, an aspect of the present
invention provides a negative electrode pre-lithiating appa-
ratus and method capable of preventing non-uniform pre-
lithiation by maintaining the composition of the pre-lithia-
tion solution constant and preventing reduction of the
quality of the negative electrode by forming a uniform and
stable SEI film.

Technical Solution

An apparatus for pre-lithiating a negative electrode
according to the present invention includes: a pre-lithiation
reactor having a pre-lithiation solution is-accommodated
therein; a high-pressure chamber surrounding the pre-lithi-
ation reactor and where an internal air pressure of the
high-pressure chamber is configured to exceed atmospheric
pressure; at least one lithium metal counter electrode dis-
posed in the pre-lithiation solution, the lithium metal counter
electrode being disposed to face a negative electrode receiv-
able in the pre-lithiation solution in a state that the lithium
metal counter electrode is spaced apart from the negative
electrode terminal by a predetermined interval; and a charge
and discharge unit being connectable to the negative elec-
trode and the lithium metal counter electrode to provide a
circuit.

In a specific example, the apparatus further includes a
transfer unit which transfers the negative electrode into the
pre-lithiation reactor or removes the negative electrode from
the pre-lithiation reactor.

Herein, the transfer unit may include a transfer roll
supports a lower surface of the negative electrode and moves
the negative electrode through rotary motion.

In a specific example, the internal air pressure of the
high-pressure chamber may be 1.1 to 10 atm.

Further, the apparatus may further include an air blower
which supplies gas to an interior of the high-pressure
chamber.

The gas is at least one inert gas selected from the group
consisting of argon (Ar), neon (Ne), helium (He) and nitro-
gen (N.).

In a specific example, the high-pressure chamber includes
an opening through which the negative electrode is inserted
into the high-pressure chamber or through which the nega-
tive electrode is removed from the high-pressure chamber.

In a specific example, the apparatus further includes a
sealing member which seals a gap between the opening and
the negative electrode.

The sealing member may be made of silicon rubber.

Further, the present invention provides a method of pre-
lithiating a negative electrode by using the above-described
apparatus for pre-lithiating a negative electrode. The method
includes: preparing a negative electrode and the above-
described apparatus for pre-lithiating the negative electrode;
moving the negative electrode into the pre-lithiation reactor
in the high-pressure chamber and immersing the negative
electrode in the pre-lithiation solution such that the negative
electrode is spaced apart from the at least one lithium metal
counter electrode; sealing the high-pressure chamber and
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injecting gas into the high-pressure chamber to cause an
internal air pressure in the high-pressure chamber to exceed
atmospheric pressure; and pre-lithiating the negative elec-
trode by charging and discharging the negative electrode to
provide a pre-lithiated negative electrode.

In a specific example, the internal air pressure of the
high-pressure chamber may be 1.1 to 10 atm.

The gas is at least one inert gas selected from the group
consisting of argon (Ar), neon (Ne), helium (He) and nitro-
gen (N).

In a specific example, the method further includes remov-
ing the pre-lithiated negative electrode from the high-pres-
sure chamber, and washing and drying the pre-lithiated
negative electrode.

Further, the present invention provides a method for
manufacturing a secondary battery including the above-
described method of pre-lithiating a negative electrode.

Advantageous Effects

According to the present invention, it is possible to
prevent the change in the composition of the pre-lithiation
solution by volatilization of the pre-lithiation solution dur-
ing pre-lithiation by preparing a high-pressure chamber
surrounding the external side of the pre-lithiation reactor and
injecting gas to allow the internal air pressure of the high-
pressure chamber to exceed the atmospheric pressure. This
can prevent non-uniform pre-lithiation and improve initial
efficiency and cycle characteristics of a battery.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a configuration of
a conventional pre-lithiating apparatus.

FIG. 2 is a schematic diagram illustrating a configuration
of an apparatus for pre-lithiating a negative electrode
according to the present invention.

FIG. 3 is a flowchart illustrating the sequence of a method
of pre-lithiating a negative electrode according to the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, the present invention will be described in
detail with reference to the drawings. The terms and words
used in the present specification and claims should not be
construed as limited to ordinary or dictionary terms and the
inventor may properly define the concept of the terms in
order to best describe its invention. The terms and words
should be construed as meaning and concept consistent with
the technical idea of the present invention.

In this application, it should be understood that terms such
as “include” or “have” are intended to indicate that there is
a feature, number, step, operation, component, part, or a
combination thereof described on the specification, and they
do not exclude in advance the possibility of the presence or
addition of one or more other features, numbers, steps,
operations, components, parts or combinations thereof.
Also, when a portion such as a layer, a film, an area, a plate,
etc. is referred to as being “on” another portion, this includes
not only the case where the portion is “directly on” the
another portion but also the case where further another
portion is interposed therebetween. On the other hand, when
a portion such as a layer, a film, an area, a plate, etc. is
referred to as being “under” another portion, this includes
not only the case where the portion is “directly under” the
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another portion but also the case where further another
portion is interposed therebetween. In addition, to be dis-
posed “on” in the present application may include the case
disposed at the bottom as well as the top.

Hereinafter, the present invention will be described in
detail with reference to the drawings.

FIG. 2 is a schematic diagram illustrating a configuration
of an apparatus for pre-lithiating a negative electrode
according to the present invention.

Referring to FIG. 2, an apparatus for pre-lithiating a
negative electrode according to the present invention
includes: a pre-lithiation reactor 110 where a pre-lithiation
solution 111 is accommodated therein; a high-pressure
chamber 120 which surrounds an external side of the pre-
lithiation reactor 110 and where an internal air pressure
exceeding an atmospheric pressure is maintained; at least
one lithium metal counter electrode 130 which is disposed in
the pre-lithiation solution 111 and is disposed to face a
negative electrode 101 inputted to the pre-lithiation solution
111 in a state spaced apart with a predetermined interval; and
a charge and discharge unit 140 which is circuit-connected
to the negative electrode 101 and the lithium metal counter
electrode 130.

As described above, as elements having a high volatility
are volatilized among organic solvents during the pre-
lithiation process, the composition ratio of solvents consti-
tuting the pre-lithiation solution is changed during the
pre-lithiation process, and the degree of dissociation of
lithium salt is lowered. In this case, in the pre-lithiation
solution, the concentration of the lithium salt increases, and
as lithium salt is partly precipitated in the negative electrode,
pre-lithiation can be non-uniformly performed. Further, the
change in composition of the pre-lithiation solution can
change the shape and constituents of the SEI film.

For example, the pre-lithiation solution can include eth-
ylene carbonate (EC) and diethyl carbonate (DEC) which
are mainly used as the electrolyte solution of a secondary
battery. In this case, since the vapor pressure (1.31579x107>
atm) of the ethylene carbonate is greater than the vapor
pressure (7x107' atm) of the diethyl carbonate, diethyl
carbonate is more volatilized when pre-lithiation is per-
formed as time goes by. As such, the ratio of the diethyl
carbonate in the electrolyte solution decreases, and as the
concentration of the lithium salt increases, the degree of
dissociation of lithium ions decreases. As a result, the
lithium salt is partially precipitated in the negative electrode
during the pre-lithiation process. Such lithium salt can cause
non-uniformity of electrode preprocessing and may act as a
local resistance element of the electrode.

According to the present invention, it is possible to
prevent the change in the composition of the pre-lithiation
solution by volatilization of the pre-lithiation solution dur-
ing pre-lithiation by preparing a high-pressure chamber
surrounding the external side of the pre-lithiation reactor and
injecting gas to allow the internal air pressure of the high-
pressure chamber to exceed the atmospheric pressure. This
can prevent non-uniform pre-lithiation and improve initial
efficiency and cycle characteristics of a battery.

Further, in the specification of the present invention, the
direction, in which the negative electrode is moved in the
pre-lithiation reactor, is defined as the moving direction, and
a direction, which is perpendicular to the moving direction
on the plane formed by the negative electrode, can be
defined as a width direction.
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<Pre-Lithiation Apparatus>

Hereinafter, the configuration of an apparatus for pre-
lithiating a negative electrode according to the present
invention will be described in detail.

Referring to FIG. 2, the pre-lithiation apparatus 100 of the
negative electrode according to the present invention
includes a pre-lithiation reactor 110 for accommodating a
pre-lithiation solution 111 therein. The pre-lithiation reactor
110 provides a space where pre-lithiation reaction occurs,
and lithium ions can be inserted into the negative electrode
during the process in which the negative electrode is elec-
trochemically charged in the pre-lithiation solution 111.

The size, shape, etc. of the pre-lithiation reactor 110 can
be appropriately designed according to the size of the
negative electrode to be described later, the number of
negative electrodes to be injected, and the moving distance
of the negative electrode, etc.

The pre-lithiation solution 111 may contain a lithium salt
and an organic solvent.

Specifically, the lithium salt may contain at least one
selected from the group consisting of LiCl, LiBr, Lil,
LiClO,, LiBF,, LiB,,Cl,,, LiPF,, LiCF;S0,, LiCF,CO,,
LiAsF,, LiSbF,, LiAICl,, CH,;SO,Li, CF;SO,Li,
(CF;80,),NLi, (FSO,),NLi, chloro boran lithium, low ali-
phatic carboxylic acid lithium, and 4 phenyl boric acid
lithium.

For example, the organic solvent may contain at least one
selected from the group consisting of a carbonate solvent
and an ester-based solvent. The non-aqueous solvent may
contain at least one selected from the group consisting of
propylene carbonate (PC), ethylene carbonate (EC), diethyl
carbonate (DEC), dimethylcarbonate (DMC), dipropyl car-
bonate (DPC), dimethylsulfoxide, acetonitrile, dimethoxy-
ethane, diethoxyethane, tetrahydrofuran, N-methyl-2-pyr-
rolidone (NMP), ethyl methylcarbonate (EMC), gamma
butyrolactone (g-butyrolactone), ethyl propionate, methyl
propionate, but the present invention is not limited thereto.

Further, the pre-lithiation solution may further contain an
additive, and the additive may include at least one selected
from the group consisting of vinylene carbonate, vinyleth-
ylene carbonate, fluoroethylene carbonate, salicylic acid,
LiBF4, LITFSI (Lithium bis(trifluoromethanesulfonyl)im-
ide), LiBOB (Lithium bis(oxalato)borate), and LiODFB
(Lithium difluoro(oxalato)borate).

Further, the temperature of the pre-lithiation solution may
be 10 to 80° C., specifically 20 to 60° C., and more
specifically 25 to 40° C. When pre-lithiation is performed in
the above temperature range, lithium can be smoothly dif-
fused.

Specifically, a negative electrode 101 is accommodated in
a pre-lithiation solution 111 in the pre-lithiation reactor 110.
The negative electrode 101 may be in a state before being
cut in the unit electrode size. In this case, the negative
electrode 101 is wound on a negative electrode roll (not
shown) provided separately from the external side of the
pre-lithiation reactor 110. When pre-lithiation is performed,
the negative electrode 101 may be unwound from the
negative electrode roll and be inserted into the pre-lithiation
reactor 110.

However, in this case, the negative electrode, which has
been cut in the unit electrode size, may be used. In this case,
after a plurality of negative electrodes are accommodated in
one pre-lithiation reactor at one time, pre-lithiation may be
performed for each negative electrode.

The negative electrode 101 has a structure in which a
negative electrode active material layer is formed on at least
one surface of the negative electrode current collector.
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Further, a non-coated part for forming a negative electrode
tab may be formed at one side of the negative electrode
active material layer. At this time, a negative electrode slurry
containing a negative electrode active material is applied
and is then dried and rolled to thereby form a negative
electrode active material layer. The negative electrode slurry
may further include conductive materials and binders.

The sheet for the negative electrode collector generally
has a thickness of 3 to 500 micrometers. The negative
electrode current collector is not particularly limited as long
as it has electrical conductivity without causing chemical
changes in the battery, and examples thereof include copper,
stainless steel, aluminum, nickel, titanium, sintered carbon,
copper or stainless steel of which the surface has been
treated with carbon, nickel, titanium, silver or the like,
aluminum-cadmium alloy, or the like. In addition, like the
positive electrode current collector, fine unevenness can be
formed on the surface to enhance the bonding force of the
negative electrode active material, and it can be used in
various forms such as a film, a sheet, a foil, a net, a porous
body, a foam, and a nonwoven fabric.

The negative electrode active material may contain at
least one selected from the group consisting of a carbon-
based active material and a silicon-based active material.

The silicon-based active material may impart excellent
capacity characteristics to the negative electrode or second-
ary battery of the present invention and may contain a
compound represented by SiO, (0=x<2). Since SiO, does
not react with lithium ions, lithium cannot be stored, and
thus x is preferably in the above range. More preferably, the
silicon-based oxide may be SiO. The average particle diam-
eter (Ds,) of the silicon-based oxide may be 1 to 30 pm, and
preferably 3 to 15 um in terms of reducing side reaction with
the electrolyte solution while maintaining structural stability
during charge/discharge. The average particle diameter Dy,
may be measured using, for example, a laser diffraction
method.

The carbon-based active material may impart excellent
cycle characteristics or battery lifespan performance to a
secondary battery or a negative electrode for a secondary
battery of the present invention. Specifically, the carbon-
based active material may contain at least one selected from
the group consisting of artificial graphite, natural graphite,
hard carbon, soft carbon, carbon black, acetylene black,
Ketjen black, super P, graphene and textile carbon, and
preferably at least one selected from the group consisting of
artificial graphite and natural graphite. The average particle
diameter (D) of the carbon-based oxide may be 10 to 30
um, and preferably 15 to 25 pm in terms of reducing side
reaction with the electrolyte solution while maintaining
structural stability during charge/discharge.

Specifically, both the silicon-based active material and the
carbon-based active material may be used as the negative
electrode active material in terms of improving both the
capacity characteristics and cycle characteristics. Specifi-
cally, the negative electrode active material may include the
carbon-based active material and the silicon-based active
material in the weight ratio of 50:50 to 95:5, and preferably
in the weight ratio of 60:40 to 80:20.

The conductive material is usually added in an amount of
1 to 30% by weight based on the total weight of the mixture
including the positive electrode active material. Such a
conductive material is not particularly limited as long as it
has electrical conductivity without causing a chemical
change in the battery, and examples thereof include graphite
such as natural graphite and artificial graphite; carbon black
such as carbon black, acetylene black, Ketjen black, channel
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black, furnace black, lamp black, and summer black; con-
ductive fibers such as carbon fiber and metal fiber; metal
powders such as carbon fluoride, aluminum and nickel
powder; conductive whiskey such as zinc oxide and potas-
sium titanate; conductive metal oxides such as titanium
oxide; and conductive materials such as polyphenylene
derivatives and the like.

The binder is added in an amount of 1 to 30% by weight,
on the basis of the total weight of the mixture containing the
positive electrode active material, as a component that
assists in bonding between the active material and the
conductive material and bonding to the current collector.
Examples of such binders include polyvinylidene fluoride,
polyvinyl alcohol, carboxymethylcellulose (CMC), starch,
hydroxypropylcellulose, regenerated cellulose, polyvi-
nylpyrrolidone, tetrafluoroethylene, polyethylene, polypro-
pylene, ethylene-propylene-diene terpolymer (EPDM),
sulfonated EPDM, styrene butylene rubber, fluorine rubber,
various copolymers and the like.

The negative electrode 101 can be pre-lithiated by being
charged and discharged by a charge and discharge unit 140
in a state that is connected to a lithium metal counter
electrode 130 to be described later.

Further, the apparatus 100 for pre-lithiating a negative
electrode according to the present invention further includes
a transfer unit 150 which transfers the negative electrode
101 to the pre-lithiation reactor 110 or takes the negative
electrode 101 out of the pre-lithiation reactor 110.

Specifically, the transfer unit 150 supports the negative
electrode 101 on the lower surface of the negative electrode
101 and includes at least one transfer roll which moves the
negative electrode through rotary motion.

Through this, the negative electrode 101, which is
unwound from the negative electrode roll, may be continu-
ally inserted into and taken out from the pre-lithiation
reactor 110. As such, the transfer of the negative electrode
can become simple.

The transfer roll may allow the negative electrode to be
immersed in the pre-lithiation solution 111 as the negative
electrode 101 is designed to be moved in the pre-lithiation
solution 111 in the pre-lithiation reactor 110.

The size, shape and number of transfer rolls constituting
the transfer unit 150 may be appropriately determined
according to the size and number of negative electrodes 101
and the size and shape of the pre-lithiation reactor 110.

Some of the transfer rolls may be located outside a
high-pressure chamber 120 to be described later, some
others of the transfer rolls may be located outside the
pre-lithiation solution 111 in the high-pressure chamber 120,
and some others of the transfer rolls may be located in the
pre-lithiation solution 111 to thereby allow the negative
electrode 101 to be moved in the pre-lithiation solution 111.

Further, the apparatus 100 for pre-lithiating a negative
electrode according to the present invention includes a
high-pressure chamber 120 which surrounds the external
side of the pre-lithiation reactor 110. As the high-pressure
chamber 120 maintains the internal air pressure exceeding
the atmospheric pressure, it is possible to suppress the
volatilization of the pre-lithiation solution 111 and prevent
the change in the composition of the pre-lithiation solution
111. Through this, non-uniform pre-lithiation can be pre-
vented, and initial efficiency and cycle characteristics of the
battery can be improved.

Herein, the internal air pressure of the high-pressure
chamber 120 may be 1.1 to 10 atm. Specifically, the internal
air pressure of the high-pressure chamber 120 may be 1.1 to
5 atm, and more specifically 1.1 to 3 atm. When the internal
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air pressure of the high-pressure chamber 120 is in the above
range, the volatilization of the pre-lithiation solution 111 in
the pre-lithiation reactor 110 can be easily suppressed. When
the internal air pressure of the high-pressure chamber 120 is
less than 1.1 atm, it may be difficult to suppress the vola-
tilization of the pre-lithiation solution 111, and when the
internal air pressure of the high-pressure chamber 120
exceeds 10 atm, the internal air pressure of the high-pressure
chamber 120 may become excessively high, thereby increas-
ing incidental expenses which are spent to prevent defor-
mation of the high-pressure chamber 120 according to the
internal air pressure.

Likewise, since the inside of the high-pressure chamber
120 should maintain the air pressure exceeding atmospheric
pressure, the high-pressure chamber 120 is preferably made
of a high-strength material capable of preventing deforma-
tion according to the pressure. For example the high-pres-
sure chamber 120 may be made of steel or stainless steel
(SUS).

Further, in order to maintain the high pressure in the
high-pressure chamber 120, gas may be allowed to be
circulated in the high-pressure chamber 120. For this pur-
pose, the apparatus 100 for pre-lithiating the negative elec-
trode further includes an air blower 160 which supplies gas
into the high-pressure chamber 120. The air blower 160 may
receive gas from an external gas supply source (not shown).

At least one air blower 160 may be installed on the outer
surface of the high-pressure chamber 120. For example, air
blowers 160 may be installed on the upper surface and the
lower surface of the high-pressure chamber 120, respec-
tively. Alternatively, only one air blower 160 may be
installed on the upper surface of the high-pressure chamber
120, or it may also be installed on the side surface of the
high-pressure chamber 120 as well as the upper surface and
the lower surface. In this case, a vent for allowing an inflow
of air supplied from an air blower 160 may be formed in the
high-pressure chamber 120. Further, in the case that the air
blower 160 is installed on both of the upper surface and the
lower surface of the high-pressure chamber 120, the pre-
lithiation reactor 110 may be made to be spaced apart by a
predetermined distance from the lower surface of the high-
pressure chamber 120. To this end, a support (not shown) for
supporting the pre-lithiation reactor 110 may be formed.

At this time, gas, which does not react with the pre-
lithiation solution 111, can be used. Specifically, the gas may
be at least one inert gas selected from the group consisting
of argon (Ar), neon (Ne), helium (He) and nitrogen (N,).

Further, an opening 170, which is used when inserting the
negative electrode 101 or taking the negative electrode 101
out, may be formed in the high-pressure chamber 120. The
opening 170 may be formed at two sides of the high-pressure
chamber 102. There is no particular limitation to the shape
and size of the opening 170 as long as it can be used when
inserting the negative electrode 101 or taking the negative
electrode 101 out, but it is preferable to make the area of the
opening 170 small to prevent the leakage of internal gas. For
example, the opening 170 may have a slit shape which
allows the passage of the negative electrode 101.

Nevertheless, a gap may be formed between the opening
170 and the negative electrode 101 transferred into the
high-pressure chamber, and internal gas may be leaked from
the gap. In order to prevent the leakage, the apparatus 100
for pre-lithiating the negative electrode according to the
present invention further includes a sealing member 171
which seals a gap between the opening 170 and the negative
electrode 101.
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There is no particular limitation to the shape of the sealing
member 171. For example, the sealing member 171 may
have a ring shape that surrounds the negative electrode 101.
The sealing member 171 opens the opening 170 while the
negative electrode 101 is transferred to be inserted into the
pre-lithiation reactor 110, and when the negative electrode
101 is inserted into the pre-lithiation reactor 110, the sealing
member 171 is contracted or compressed to thereby block a
gap between the opening 170 and the negative electrode 101.
Further, the negative electrode is a long shape which is
wound from a negative electrode roll and pre-lithiation may
be completed by several times of pre-lithiation. Specifically,
the negative electrode may be divided into sections having
a length which may be accommodated in a pre-lithiation
solution, and the pre-lithiation may be performed for each
section. In this case, when one section of the negative
electrode 101 is immersed in the pre-lithiation solution 111,
the transfer of the negative electrode 101 is stopped, and the
sealing member 120 is operated to seal the inside of the
high-pressure chamber 120 to thereby perform pre-lithia-
tion, and when the pre-lithiation is completed, the negative
electrode 101 is transferred to immerse the next section in
the pre-lithiation solution 111. In this way, the same process
is repeated.

The sealing member 171 may be made of an elastic
material to effectively prevent a gap between the opening
170 and the negative electrode 101. For example, the sealing
member 171 may be made of silicon rubber. In this case, the
sealing member 171 can be compressed and deformed in the
gap between the opening 170 and the negative electrode 101
to thereby effectively block the gap.

Further, the present invention includes a lithium metal
counter electrode 130 as a lithium supply source which
supplies lithium ions into the negative electrode. The lithium
metal counter electrode 130 can function as a counter
electrode to the negative electrode 101 when electrochemi-
cally charged for pre-lithiation as the lithium metal counter
electrode 130 is disposed to be spaced apart by a predeter-
mined distance from the negative electrode 101 which is
inserted into the pre-lithiation solution 111. The lithium
metal counter electrode 130 may have a sheet form disposed
to face the negative electrode. In the case of a negative
electrode wherein the negative electrode active material
layer is formed on two surfaces of the current collector, the
lithium metal counter electrode 130 is disposed on two
surfaces of the negative electrode in order to pre-lithiate the
negative electrode active material layer.

The thickness of the lithium metal counter electrode 130
may be appropriately set in consideration of the pre-lithia-
tion level, and may specifically be 10 to 500 um, and more
specifically be 40 to 200 pum.

The lithium metal counter electrode 130 can prevent a
short circuit phenomenon which may occur by a direct
contact between the negative electrode 101 and the lithium
metal counter electrode 130 during electrochemical charge
by being spaced apart from the negative electrode 101.

At this time, the separation distance between the lithium
metal counter electrode 130 and the negative electrode 101
may be 1 to 20 mm. Specifically, the separation distance
between the lithium metal counter electrode 130 and the
negative electrode 101 may be 3 to 15 mm, and more
specifically 6 to 12 mm. When the separation distance
between the lithium metal counter electrode 130 and the
negative electrode 101 is in the above range, it is possible to
sufficiently prevent an electrode short circuit phenomenon
which may occur by a direct contact between the negative
electrode 110 and the lithium metal counter electrode 130,
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and lithium can be smoothly inserted into the negative
electrode at the time of pre-lithiation.

Further, the apparatus 100 for pre-lithiating a negative
electrode includes a charge and discharge unit 140 which is
circuit-connected to the negative electrode 101 and the
lithium metal counter electrode 130. The charge and dis-
charge unit 140 applies predetermined current to the lithium
metal counter electrode 130 and the negative electrode 101,
to thereby pre-lithiate the negative electrode by electro-
chemical charge.

Further, FIG. 2 illustrates only a section where the nega-
tive electrode faces the lithium metal counter electrode and
pre-lithiation is performed in the pre-lithiation reactor, but
when necessary, an impregnation section where the negative
electrode may be impregnated in the pre-lithiation solution
before facing the lithium metal counter electrode, and an
aging section where the negative electrode may be aged after
the pre-lithiation of the negative electrode is completed may
be prepared.

Further, the apparatus for pre-lithiating a negative elec-
trode according to the present invention further includes a
washing tank (not shown) including an organic solvent. The
washing tank is arranged independently from the pre-lithi-
ation reactor 110 and can be provided as a place for washing
the negative electrode where pre-lithiation has been per-
formed. At this time, the washing tank may be located in the
high-pressure chamber 120 and may be located separately at
the outside of the high-pressure chamber 120.

To this end, the negative electrode 101 may be transferred
from the pre-lithiation reactor 110 to the washing tank
through a transfer roll. Further, as there is a separate transfer
roll in the washing tank, the negative electrode 101 may be
moved in the organic solvent in the washing tank, through
which impurities remaining in the negative electrode 101
may be removed. The organic solvent does not contain
lithium salt, and the same one as the organic solvent used for
the above-described pre-lithiation solution may be used.
Specifically, at least one selected from the group consisting
of dimethyl carbonate (DMC), ethylmethyl carbonate
(EMC), and ethylene carbonate (EC) may be used as the
organic solvent. The length of the washing tank may be
appropriately designed according to the area of the negative
electrode injected into the pre-lithiation reactor, the pre-
lithiation time, and the size of the pre-lithiation reactor.

Further, an apparatus 100 for pre-lithiating a negative
electrode according to the present invention further includes
a drying unit (not shown) for drying a negative electrode
which passes through the washing tank.

The drying unit may be provided as a place where the
negative electrode 101, which has passed through the pre-
lithiation reactor 110 and the washing tank, is dried. Like-
wise, the negative electrode 101 may be transferred from the
washing tank to the drying unit by a transfer roll. In addition,
the drying unit may include air or inert gas. The inert gas
may be at least one selected from the group consisting of Ar,
N, and He.

The temperature of the drying unit may be in the range of
10 to 80° C., specifically in the range of 20 to 60° C., and
more specifically in the range of 25 to 40° C. This tempera-
ture range is preferable in that the oxidation of the negative
electrode can be prevented, and the pre-lithiated state can be
maintained in the range. The length of the drying unit or the
moving distance of the negative electrode in the drying unit
may be appropriately designed according to the number of
negative electrodes injected into the pre-lithiation reactor,
pre-lithiation time, and the size of the pre-lithiation reactor.
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<Method of Pre-Lithiating Negative Electrode>

The present invention provides a method of pre-lithiating
a negative electrode using the above-described apparatus for
pre-lithiating a negative electrode.

FIG. 3 is a flowchart illustrating the sequence of a method
of pre-lithiating a negative electrode according to the present
invention.

Referring to FIG. 3, a method of pre-lithiating a negative
electrode according to the present invention includes: pre-
paring a negative electrode and the above-described appa-
ratus for pre-lithiating the negative electrode (S10); putting
the negative electrode in a pre-lithiation reactor in a high-
pressure chamber and immersing the negative electrode in a
pre-lithiation solution to be spaced apart from at least one
lithium metal counter electrode (S20); sealing the high-
pressure chamber and injecting gas into the high-pressure
chamber to allow an air pressure in the high-pressure
chamber to exceed an atmospheric pressure (S30); and
pre-lithiating the negative electrode by charge and discharge
(S40).

According to the present invention, it is possible to
prevent the change in the composition of the pre-lithiation
solution by volatilization of the pre-lithiation solution dur-
ing pre-lithiation by preparing a high-pressure chamber
surrounding the external side of the pre-lithiation reactor and
injecting gas to allow the internal air pressure of the high-
pressure chamber to exceed the atmospheric pressure. This
can prevent non-uniform pre-lithiation and improve initial
efficiency and cycle characteristics of a battery.

Referring to FIG. 3 together with FIG. 2, first, a negative
electrode 101 and an apparatus 100 for pre-lithiating a
negative electrode are prepared. The negative electrode 101
and the apparatus 100 for pre-lithiating the negative elec-
trode, which have been used in the above description, may
be used. Further, the negative electrode may be in a state that
has been wound in a negative electrode roll installed outside
the pre-lithiation reactor.

If the negative electrode 101 and the apparatus 100 for
pre-lithiating a negative electrode are prepared, the negative
electrode 101 is unwound from the negative electrode roll
and is then transferred through a transfer roll. As such, the
negative electrode 101 passes through the opening 170
formed on the high-pressure chamber 120 and is then
injected into the pre-lithiation reactor 110.

If the negative electrode is injected into the pre-lithiation
reactor 110, the transfer of the negative electrode is stopped,
and the sealing member 171 is operated to seal the high-
pressure chamber 120. Thereafter, gas is injected into the
high-pressure chamber 120 using an air blower 160 in order
to allow the internal air pressure of the high-pressure cham-
ber 120 to exceed the atmospheric pressure. Through this, it
is possible to suppress the volatilization of the pre-lithiation
solution 111 and prevent the change of the composition of
the pre-lithiation solution 111. As a result, non-uniform
pre-lithiation can be prevented, and initial efficiency and
cycle characteristics of the battery can be improved.

At this time, the internal air pressure of the high-pressure
chamber 120 may be 1.1 to 10 atm. Specifically, the internal
air pressure of the high-pressure chamber 120 may be 1.1 to
5 atm, and more specifically 1.1 to 3 atm. When the internal
air pressure of the high-pressure chamber 120 is in the above
range, the volatilization of the pre-lithiation solution 111 in
the pre-lithiation reactor 110 can be easily suppressed. When
the internal air pressure of the high-pressure chamber 120 is
less than 1.1 atm, it may be difficult to suppress the vola-
tilization of the pre-lithiation solution, and when the internal
air pressure of the high-pressure chamber 120 exceeds 10
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atm, the internal air pressure of the high-pressure chamber
120 may become excessively high, thereby increasing inci-
dental expenses which are spent to prevent deformation of
the high-pressure chamber 120 according to the internal air
pressure. The gas is at least one inert gas selected from the
group consisting of argon (Ar), neon (Ne), helium (He) and
nitrogen (N,).

If the internal air pressure of the high-pressure chamber
120 reaches the targeted numerical value, pre-lithiation is
performed by charging and discharging the negative elec-
trode 101. As described above, the negative electrode may
be divided into several sections having a length which may
be accommodated in the pre-lithiation solution, and then
pre-lithiation may be performed. In this case, when one
section of the negative electrode 101 is immersed in the
pre-lithiation solution 111, the transfer of the negative elec-
trode 101 is stopped, and the sealing member 120 is operated
to seal the inside of the high-pressure chamber 120 to
thereby perform pre-lithiation, and when the pre-lithiation is
completed, the negative electrode 101 is transferred to
immerse the next section in the pre-lithiation solution 111. In
this way, the same process is repeated. After the negative
electrode 101 is injected into the pre-lithiation reactor 110,
the negative electrode 101 is electrically connected in a state
that faces the lithium metal counter electrode 130.

At this time, the step of impregnating the negative elec-
trode 101 in the pre-lithiation solution 110 may be per-
formed before performing pre-lithiation. In this case, the
negative electrode 101 may be left unattended in the pre-
lithiation solution for a predetermined time. As described
above, a separate impregnation section can be prepared in
the pre-lithiation reactor 110.

In this case, the impregnation time may be appropriately
set according to the pre-lithiation condition. For example, it
may be 5 to 120 minutes, specifically 10 to 90 minutes, and
more specifically 15 to 40 minutes. Through this, as the
negative electrode becomes sufficiently set in the pre-lithi-
ation solution, the pre-lithiation may be uniformly per-
formed in the negative electrode. When the impregnation
time exceeds the above range, the durability of the negative
electrode decreases and the active material may be easily
detached from the current collector. When the impregnation
time is not within the range, it is difficult for the pre-
lithiation solution to be sufficiently permeated into the
negative electrode and it may become difficult for the
pre-lithiation to be uniformly performed.

Further, when the pre-lithiation reaction is completed by
charging and discharging the negative electrode, the aging
step can be further performed. Herein, the aging is a process
of leaving the negative electrode 101 unattended in the
pre-lithiation solution 111 for a predetermined time. As
described above, a separate aging section can be prepared in
the pre-lithiation reactor 110.

In this process, lithium ions inserted by pre-lithiation can
be more uniformly diffused to the inside and the surface of
the negative electrode active material. If the aging step is not
performed after the pre-lithiation, the lithium ions may not
be uniformly diffused in the negative electrode active mate-
rial, thereby making it difficult to sufficiently remove the
irreversible capacity, and there is a possibility that the
uniform charge/discharge may not occur after preparation of
the negative electrode. The aging time can be appropriately
designed according to the pre-lithiation time.

Further, the method of pre-lithiating a negative electrode
according to the present invention further includes taking the
pre-lithiated negative electrode 101 out of the high-pressure
chamber 120, and washing and drying the pre-lithiated
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negative electrode 101. Specifically, the negative electrode
101, which has been taken out from the high-pressure
chamber, may be washed while moved in the organic solvent
in the washing tank. The organic solvent does not contain
lithium salt, and the same one as the organic solvent used for
the above-described pre-lithiation solution 111 may be used.

Thereafter, the negative electrode having passed through
the washing tank is transferred to the drying unit and is
dried. The organic solvent remaining in the negative elec-
trode may be removed by the impregnation, pre-lithiation,
aging and/or washing processes by the drying step. The
drying step may be performed by air or inert gas. Specifi-
cally, the inert gas may be at least one selected from the
group consisting of Ar, N, and He.

The time, which is spent for the washing step and the
drying step, may be appropriately designed according to the
pre-lithiation time.

The negative electrode, which has been washed and dried,
may be collected and used to prepare a secondary battery.
<Secondary Battery>

Further, the present invention provides a method for
manufacturing a secondary battery including the above-
described method of pre-lithiating a negative electrode.

The secondary battery has a form where an electrode
assembly, which has a form that a separator is interposed
between a positive electrode and a negative electrode, is
accommodated in a battery case. The positive electrode has
a structure that a positive electrode active material layer is
formed as a positive electrode slurry containing a positive
electrode active material is applied on a positive electrode
current collector, and the negative electrode is as described
above.

In the present invention, the positive electrode collector
generally has a thickness of 3 to 500 micrometers. The
positive electrode current collector is not particularly limited
as long as it has high conductivity without causing a
chemical change in the battery. Examples of the positive
electrode current collector include stainless steel, aluminum,
nickel, titanium, sintered carbon or aluminum or stainless
steel of which the surface has been treated with carbon,
nickel, titanium, silver, or the like. The current collector may
have fine irregularities on the surface thereof to increase the
adhesion of the positive electrode active material, and vari-
ous forms such as a film, a sheet, a foil, a net, a porous body,
a foam, and a nonwoven fabric are possible.

In the present invention, the positive electrode active
material is a material capable of causing an electrochemical
reaction and a lithium transition metal oxide, and contains
two or more transition metals. Examples thereof include:
layered compounds such as lithium cobalt oxide (LiCoO,)
and lithium nickel oxide (LiNiO,) substituted with one or
more transition metals; lithium manganese oxide substituted
with one or more transition metals; lithium nickel oxide
represented by the formula LiNi,_ M O, (wherein M=Co,
Mn, Al, Cu, Fe, Mg, B, Cr, Zn or Ga and contains at least
one of the above elements, 0.01=<y=<0.7); lithium nickel
cobalt manganese composite oxide represented by the for-
mula  Li Ni,MnCo,_ 4, .. ,MOn A, such  as
Lij, Nij;3CoysMn, 50,,  Lip Nip ,Mn, ,Co,p,0, et
(wherein -0.5=7<0.5, 0.1=b=0.8, 0.1=c=0.8, 0=d=0.2,
0=e=<0.2, b+c+d<l, M=Al, Mg, Cr, Ti, Si or Y, and A=F, P
or Cl); olivine-based lithium metal phosphate represented by
the formula Li,, .M, M' PO, X, (wherein M=transition
metal, preferably Fe, Mn, Co or Ni, M'=Al, Mg or Ti, X=F,
S or N, and -0.5=x=0.5, 0=<y=0.5, 0=z<0.1).
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Further, the positive electrode slurry further contains a
conductive material and a binder as well as a positive
electrode active material, which is as described above.

The separator is interposed between the positive electrode
and the negative electrode, and an insulating thin film having
high ion permeability and mechanical strength is used. The
pore diameter of the separator is generally 0.01 to 10
micrometers, and the thickness is generally 5 to 300
micrometers. Examples of such a separator include olefin-
based polymers such as polypropylene which is chemically
resistant and hydrophobic; a sheet or a nonwoven fabric
made of glass fiber, polyethylene or the like. When a solid
electrolyte such as a polymer is used as the electrolyte, the
solid electrolyte may also serve as a separator.

Further, the battery case is not particularly limited as long
as it is used as an exterior material for packaging the battery,
and a cylindrical, square, or pouch type may be used and
specifically a pouch-type battery case may be used. The
pouch-type battery case is generally made of an aluminum
laminate sheet and may be composed of an inner sealant
layer for sealing, a metal layer for preventing permeation of
materials, and an external resin layer forming the outermost
part of the case. Details of the battery case are known to
those of ordinary skill in the art, and thus detailed descrip-
tion thereof will be omitted.

When an electrode assembly is accommodated in a bat-
tery case, the electrolyte solution is injected and sealed.
Thereafter, a final secondary battery is manufactured
through the formation process. Details about the electrolyte
solution are known to those of ordinary skill in the art, and
thus detailed description thereof will be omitted.

Hereinafter, the present invention will be described in
detail with reference to examples. However, the embodi-
ments according to the present invention may be modified
into various other forms, and the scope of the present
invention should not be construed as being limited to the
examples described below. The examples of the present
invention are provided to more fully describe the present
invention to those skilled in the art.

Example 1

<Preparation of Negative Electrode>

85.1 wt % of graphite and 9.5 wt % of SiO as the negative
electrode active material, 1.3 wt % of Denka black as the
conductive material, 3.0 wt % of SBR as the binder, and 1.1
wt % of CMC as the thickener were added to water to
thereby prepare a negative electrode slurry.

The negative electrode slurry was coated on both surfaces
of'the copper current collector (thickness: 8 um), which was
then rolled and dried at a vacuum oven of 130° C. and rolled,
to thereby form a negative electrode active material layer on
both surfaces of the copper negative electrode current col-
lector to thereby manufacture a negative electrode.

The negative electrode was wound on a negative electrode
roll which is made of stainless steel and has a diameter of 3
inches.
<Preparation of Pre-Lithiating Apparatus>

A pre-lithiating apparatus as in FIG. 2 was prepared.
Specifically, a pre-lithiation reactor made of stainless steel
was prepared, and the pre-lithiation reactor was accommo-
dated in a high-pressure chamber. A pre-lithiation solution
was injected into the pre-lithiation reactor. The temperature
of'the pre-lithiation reactor was maintained at 25° C. Herein,
the length of the pre-lithiation reactor was 400 cm, and the
width of the pre-lithiation reactor was 300 cm.
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LiPF, of 1M concentration as a lithium salt was added to
an organic solvent, which was obtained by mixing ethylene
carbonate (EC) and ethyl methyl carbonate (EMC) with a
volume ratio of 1:8, which was then stirred for 24 hours, to
thereby prepare the pre-lithiation solution.
<Pre-Lithiation>

The negative electrode was unwound from the negative
electrode roll, was inserted into the pre-lithiation reactor
through a transfer roll, and was immersed in the pre-
lithiation solution. When the insertion of the negative elec-
trode is completed, the transfer of the negative electrode is
stopped, and the sealing member is operated to seal the
high-pressure chamber. Thereafter, the internal air pressure
of the high-pressure chamber was set to be maintained at 1.1
atm or higher by supplying inert gas through an air blower.

Thereafter, electric current of 1.4 mA was applied to the
negative electrode to charge the negative electrode up to
12% of the charge capacity, to thereby pre-lithiate the
negative electrode. When pre-lithiation was completed, the
operation of the sealing member was stopped, the negative
electrode was wound, and the wound negative electrode was
taken out. The pre-lithiated negative electrode was obtained
by washing and drying the negative electrode.

Example 2

The pre-lithiation process was repeated 10 times using the
pre-lithiation solution and the pre-lithiating apparatus of the
example 1. Thereafter, the pre-lithiated negative electrode
was obtained by performing pre-lithiation in the same man-
ner as in the example 1 by newly inserting the negative
electrode into the pre-lithiation reactor of the pre-lithiating
apparatus of the example 1.

Comparative Example 1

The pre-lithiated negative electrode was obtained by
performing the pre-lithiation in the same manner as in the
example 1 except that a pre-lithiating apparatus without a
high-pressure chamber was used. In this case, the negative
electrode was inserted into the pre-lithiation reactor through
a transfer unit, which was then pre-lithiated, and the nega-
tive electrode was then taken out of the pre-lithiation reactor
and washed and dried.

Comparative Example 2

The pre-lithiation process was repeated 10 times using the
pre-lithiation solution and the pre-lithiating apparatus (pre-
lithiating apparatus which does not include a high-pressure
chamber) of the comparative example 1. Thereafter, the
pre-lithiated negative electrode was obtained by performing
pre-lithiation by newly inserting the negative electrode into
the pre-lithiation reactor of the pre-lithiating apparatus of the
comparative example 1.

Comparative Example 3

The negative electrode was obtained by performing pre-
lithiation in the same manner as in the example 1 except that
the internal air pressure of the high-pressure chamber was
maintained at a normal pressure (e.g., atmospheric pressure
level) in the pre-lithiating apparatus of the example 1.
Specifically, pre-lithiation was performed without operating
an air blower.

Comparative Example 4

The pre-lithiation was repeated 10 times in the pre-
lithiation condition of the comparative example 3. Thereat-
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ter, the pre-lithiated negative electrode was obtained by
performing pre-lithiation under the same condition as in the
comparative example 3 (maintaining the internal air pressure
of the high-pressure chamber at an atmospheric pressure
level) by newly inserting the negative electrode into the
pre-lithiation reactor of the pre-lithiating apparatus).

Experimental Example

<Preparation of Lithium Secondary Battery>

A positive electrode and a negative electrode prepared in
the examples and the comparative examples were prepared,
and a polyolefin separator was interposed between the
positive electrode and the negative electrode, into which an
electrolyte solution was injected, to thereby prepare a battery
cell. Herein, the positive electrode was manufactured by
applying a positive electrode slurry, which contains LiCoO,
as a positive electrode active material, on a positive elec-
trode current collector made of aluminum. Further, an elec-
trolyte solution, which was obtained by dissolving 1M
LiPF; in an organic solvent obtained by mixing ethylene
carbonate (EC) and ethyl methyl carbonate (EMC) at a
volume ratio of 3:7, was used.
<Measuring the Height of Pre-Lithiation Solution in Pre-
Lithiation Reactor>

After respectively performing pre-lithiation in the
examples and the comparative examples, the height of the
pre-lithiation solution in the pre-lithiation reactor was mea-
sured. The result is shown in Table 1.
<Initial Coulomb Efficiency Test>

The coin-type battery cell was charged using an electro-
chemical charge-discharge device to thereby measure the
initial coulomb efficiency. Specifically, the battery cell was
charged with 4.2V (vs Li/Li+) at the current density of 0.1
C and was discharged with 2.5V (vs Li/Li+) at the same
current density. At this time, the charge capacity and dis-
charge capacity of the battery cell were measured. Thereat-
ter, the initial efficiency was measured using the ratio of the
charge capacity to the discharge capacity as in the Formula
1, and the result was shown in Table 1.

Initial efficiency (%)={(initial discharge capacity)/

(initial charge capacity)}x100 [Formula 1]

<Cycle Characteristics Test>

The coin-type battery cell was charged 100 times and the
thickness change rate of the battery cell was measured. The
result is shown in Table 1.

Specifically, the battery cell was charged with 4.2V (vs
Li/Li+) at the current density of 0.1 C and was discharged
with 2.5V (vs Li/Li+) at the same current density up to the
third cycle. From the 4th cycle, the charge/discharge was
performed with the current density of 0.5 C under the same

voltage condition.
TABLE 1
Height of electrolyte Initial Thickness change
solution in pre- coulomb rate after 100

lithiation reactor (cm) efficiency (%) cycles (%)

Example 1 10 97.9 115
Example 2 9.8 97.8 114
Comparative 10 97.5 117
Example 1
Comparative 7.5 93.8 140
Example 2
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TABLE 1-continued

Initial
coulomb
efficiency (%)

Height of electrolyte
solution in pre-
lithiation reactor (cm)

Thickness change
rate after 100
cycles (%)

Comparative 10 97.6 116
Example 3
Comparative 8.8 95.7 131
Example 4

Referring to Table 1, in the case of the example 1,
comparative examples 1 and 3 which used the pre-lithiation
solution in the initial state, the height of the electrolyte
solution in the pre-lithiation reactor, the initial coulomb
efficiency, and the thickness change rate after 100 cycles was
similar to each other. This was because the volatilization of
the pre-lithiation solution did not yet occur.

Herein, when the pre-lithiation was repeated about 10
times, the volatilization of the pre-lithiation solution was
prevented due to the high pressure in the high-pressure
chamber in the example 2, and accordingly, the height of the
pre-lithiation solution in the pre-lithiation reactor was
almost the same as that in the example 1. Namely, the
volume and the composition of the pre-lithiation solution of
the example 2 were almost the same as those of the example
1, which shows that uniform pre-lithiation was performed
even though the pre-lithiation solution was used for a long
time. As a result, it is seen that there is little performance
difference between the negative electrodes and battery cells
manufactured therefrom according to the examples 1 and 2.

On the other hand, in the case of the comparative example
2, since a high-pressure chamber was not used, a lot of
pre-lithiation solution was volatilized. In the comparative
example 2, the initial coulomb efficiency and the thickness
of the battery cell after 100 cycles were significantly differ-
ent from the comparative example 1 in which a pre-lithiation
solution has been used. This is because the composition of
the pre-lithiation solution has been changed as a lot of EMC
having a high volatility is volatilized during the volatiliza-
tion of the pre-lithiation solution. The concentration of
lithium ions was enhanced during the pre-lithiation process
due to the change in the composition of the pre-lithiation
solution, and lithium was partly precipitated in the negative
electrode during the pre-lithiation. As such, non-uniform
pre-lithiation of the negative electrode was caused. Further,
the change in the shape and constituents of the SEI film
formed on the surface of the negative electrode due to the
change of the composition of the pre-lithiation solution may
be the cause of the change in the initial coulomb efficiency
and the thickness change rate after 100 cycles. This
increases the thickness of the battery cell due to gas gen-
eration by lithium precipitation in the battery cell.

Further, in the case of the comparative example 4, the
amount of volatilization of the pre-lithiation solution
decreased due to the existence of a high-pressure chamber,
compared to the comparative example 2. However, in the
case of the comparative example 4, since the air pressure of
the high-pressure chamber is not high, the electrolyte solu-
tion was volatilized by a certain degree. As such, the
performance of the negative electrode and the battery cell
decreased, compared to the comparative example 3 where
the pre-lithiation solution in the initial state has been used.

The above description is merely illustrative of the tech-
nical idea of the present invention, and those skilled in the
art to which the present invention pertains may make various
modifications and variations without departing from the
essential characteristics of the present invention. Therefore,
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the drawings disclosed in the present invention are not
intended to limit the technical idea of the present invention
but to describe the present invention, and the scope of the
technical idea of the present invention is not limited by these
drawings. The scope of protection of the present invention
should be interpreted by the following claims, and all
technical ideas within the scope equivalent thereto should be
construed as being included in the scope of the present
invention.

On the other hand, in this specification, terms indicating
directions such as up, down, left, right, before, and after are
used, but it is obvious that these terms are for convenience
of description only and may change depending on the
location of the object or the location of the observer.

The invention claimed is:

1. An apparatus for pre-lithiating a negative electrode, the
apparatus comprising:

a pre-lithiation reactor having a pre-lithiation solution

accommodated therein;

a high-pressure chamber surrounding the pre-lithiation
reactor, wherein an internal air pressure of the high-
pressure chamber is configured to exceed atmospheric
pressure;

at least one lithium metal counter electrode disposed in
the pre-lithiation solution, the lithium metal counter
electrode being disposed to face a negative electrode
receivable in the pre-lithiation solution in a state that
the lithium metal counter electrode is spaced apart from
the negative electrode by a predetermined interval; and

a charge and discharge unit being connectable to the
negative electrode and the lithium metal counter elec-
trode to provide a circuit.

2. The apparatus of claim 1, further comprising a transfer
unit configured to transfer the negative electrode into the
pre-lithiation reactor or to remove the negative electrode
from the pre-lithiation reactor.

3. The apparatus of claim 2, wherein the transfer unit
includes a transfer roll to support a lower surface of the
negative electrode and moves the negative electrode through
rotary motion.

4. The apparatus of claim 1, wherein the internal air
pressure of the high-pressure chamber is 1.1 to 10 atm.

5. The apparatus of claim 1, further comprising an air
blower to supply gas to an interior of the high-pressure
chamber.
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6. The apparatus of claim 5, wherein the gas is at least one
inert gas selected from the group consisting of argon (Ar),
neon (Ne), helium (He) and nitrogen (N,).
7. The apparatus of claim 1, wherein the high-pressure
chamber includes an opening through which the negative
electrode is inserted into the high-pressure chamber or
through which the negative electrode is removed out of the
high-pressure chamber.
8. The apparatus of claim 7, further comprising a sealing
member to seal a gap between the opening and the negative
electrode.
9. The apparatus of claim 8, wherein the sealing member
is made of silicon rubber.
10. A method of pre-lithiating a negative electrode, the
method comprising:
preparing a negative electrode and the apparatus for
pre-lithiating the negative electrode according to claim
1

moving the negative electrode into the pre-lithiation reac-
tor in the high-pressure chamber and immersing the
negative electrode in the pre-lithiation solution,
wherein the negative electrode is spaced apart from the
at least one lithium metal counter electrode;

sealing the high-pressure chamber and injecting gas into

the high-pressure chamber to cause an internal air
pressure in the high-pressure chamber to exceed atmo-
spheric pressure; and

pre-lithiating the negative electrode by charging and

discharging the negative electrode to provide a pre-
lithiated negative electrode.

11. The method of claim 10, wherein the internal air
pressure of the high-pressure chamber is 1.1 to 10 atm.

12. The method of claim 11, wherein the gas is at least one
inert gas selected from the group consisting of argon (Ar),
neon (Ne), helium (He) and nitrogen (N,).

13. The method of claim 11, further comprising removing
the pre-lithiated negative electrode from the high-pressure
chamber, and washing and drying the pre-lithiated negative
electrode.

14. A method for manufacturing a secondary battery
including the method of pre-lithiating a negative electrode
according to claim 10.
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